I n the Fourteenth Volume of the Transactions of the Royal Astronomical Society will be found a full account of the Cavendish apparatus, and of the mode of expe rimenting1 followed by Mr. B aily. It will therefore not be necessary for me, in this place, to enter into any detail as to the different parts of the instrument, and the various precautions adopted in order to avoid that singular source of error f currents of air in the torsion box arising from unequal temperature,' which had been disco vered by Cavendish. It will be sufficient for me to state that all the arrangements are of a highly satisfactory kind, and that I am of opinion that no aerial currents could have existed in the torsion box.
The equation for angular motion is then neglecting 02, &c., where ni s a constant depending on the distance o the balls. The resting points s and s' are not directly observed, and in strict accordance with the preceding theory, ought to be found thus.
Let < x and < r' be the scale readings at the extremities of the arc of vibration, or when p t -{ -B= 0 and r respectively, a =A-f-26A cos 0=A'-f-26A, (r'=s-}-26A cos -2 6 A ;
We It is true that results tolerably accordant on the whole are deduced in this manner, but there is no explanation why they should be so combined. It may be regarded as a mode of combination of the experimental data so arranged as to allow a medium result to emerge, in spite of the immense discrepancies which he could not but have perceived would have appeared had results been deduced from every pair of successive experiments. I must not here be understood as insinuating any kind of deception on the part of this great experimental philosopher ; on the contrary, he is candid in the extreme. H e frequently refers to the " variation in the time of vibration and the perturbation of the resting points" as things for which he cannot account, and some times says, " there must be some disturbing force." Also " the force of torsion must be subject to variation." W ith respect to the hypothesis of a change in the torsion force, though I might grant its possibility when a single wire is employed for the suspending line, I cannot grant it when bifilar silk lines are used. In this case the force of torsion is easily calculated, and there is no reason why it should at all change. But when such lines, *177 inch apart, are used, the greatest anomalies occur; and I am persuaded that if the distance were still further diminished, and the torsion force thereby rendered weaker, the anomalies would be still further increased.
In order to obtain a theory which would account for the anomalies I tried many plans. One was the integration of the equation of motion (including resistance) to terms of the second order, but the corrections thence arising were far too minute to afford any explanation. Besides the above reason against the alteration of the torsion force, another occurred to me, which was this,-were a change in the torsion force the sole cause of the perturbations, the time and resting point ought always to change simultaneously, but this is observed not to be the case. Examples in abundance will present themselves to any one consulting the tables, in which the time changes, and the resting point remains nearly unaltered, and vice versd. H eat also was out of the question, in consequence of the extreme precautions used to prevent the intrusion of this sort of disturbance.
At length I determined to try the effect of a supposed magnetic state of the masses and balls, and, as will be seen in the sequel, the hypothesis succeeded beyond my most sanguine expectations. It is strongly suspected that all bodies are more or less susceptible of the magnetic state, and I think it very probable that what is called the coercive power of a substance, or that power which it possesses of retaining its mag netic state, after the magnetizing power has been withdrawn, for a longer or shorter period, may not only differ for different substances, which we know it does, but for different intensities of magnetization. Thus, if magnetism be induced by a powerful magnet in a mass of soft iron or lead, the magnetic state will, to all appearance, subside when the magnet is withdrawn, and that very rapidly, perhaps instantaneously. Now I contend that such may not be the case if the magnetization were very sm a ll; it may require, even in lead, some time to elapse before the very feeble magnetic state wholly subsides. W e are sure that some degree of magnetism must be induced in the masses and balls by terrestrial magnetic influence, and then the magnetic systems may be capable of sensibly influencing each other. Now when balls are magnetized, their action is the same as if there were a small magnet concentric with each ball, and therefore the mutual action of balls on each other is reduced to that of small magnets, the distance of whose centres is great compared with their lengths. In the case of the earth being one of the magnetic bodies, the distance of the centres may be well considered infi nite in comparison with the lengths of the supposed magnets, and therefore magnetic action of the earth upon any body at its surface will not tend to produce any motion of translation, or to increase the weight of such body. But when two balls at a moderate distance from each other are magnetized, the force producing motion of translation does not vanish, except for certain relative positions of the magnetic axes, and is sometimes positive and sometimes negative ; that is, sometimes attractive and sometimes repulsive. Imagine then that the masses have remained in the positive position for some hours ( e. g. during th and balls combined with terrestrial influence must have induced a certain very minutely magnetic state in those bodies, and the resulting attraction of the masses and balls is mixed up with the attraction of their mutual gravitation. Now reverse the masses by turning the plank round the centre of motion through nearly 180°, the action arising from magnetism, if we suppose the masses capable of preserving their minutely magnetic state, will now probably be one of repulsion, though perhaps not precisely equal in amount to the magnetic attraction in the positive position. This repulsion will also be mixed up with the action of mutual gravitation. Now, when we reflect that the attraction arising from gravitation between a mass and one of the balls is exceedingly minute (about the tenth of a grain), it is clear that an almost inconceivably feeble magnetic state may be the cause of great perturbations.
I now proceed to apply mathematics to these views. The term depending on the action of gravitation being i.<px, let that depending on ma then the differential equation of motion will be and if we suppose <px and expanded to the first power of we may wr mentioned in what position the masses had been left during the night; this last example is one of the cases in which he distinctly mentions that the masses had remained in the positive position during the night, and the first observation next morning was taken from the spontaneous motion of the rod. Accordingly we find the magnetic action positive, and diminishing subsequently, as we would have been led to expect from the circumstances.
The following is an instance in which the magnetic action is negative, and I have placed in juxtaposition the gravitating energy. yfcjM ic , this circumstance shows two things, first that the term -jr-must be' exceedingly small, and therefore c very sm all; and also that m2, and therefore the force of torsion is not sensibly changed.
I have therefore, I conceive, satisfactorily shown that the masses and balls do exert influences on each other independent of the action of gravitation, and that such in fluences are of a very fluctuating nature, and the action arising from them is either positive or negative; and changes as to sign when the masses are turned round a vertical axis through 180°, or thereabouts. Moreover, that such action may either fall short of that arising from gravitation, or exceed it many times.
It is inconceivable that this disturbing force can arise from anything but magnetic influence, and in this we must remember there are three distinct modifying causes at work,-first, terrestrial influence; second, mutual influence of masses and b alls; and third, the alternate motion of the masses changing from one position to the other. I am of opinion that ordinary magnetic influence is inadequate to the explanation of the motions, or rather of the disturbing force demonstrated to have an existence, and that, as all the substances used are such as are classed by Dr. F araday amongst the diamagnetic, that new magnetic condition discovered by this illustrious experimen talist is also greatly concerned as a cause. It will probably be found that both spe cies of magnetism combine in producing such very extraordinary results. The cir cumstance of the numbers proportional to the gravitating influence not exactly agree ing is easily explained. The simple condition M + M '= 0 , which we have assumed, is of course not accurate, and the wonder is that it answers so well.
But we now come to the question how future experiments with the torsion balance are to be conducted so as to arrive at a satisfactory conclusion as to the mean den sity A. It has occurred to me that, instead of using diamagnetic substances, we should have hard iron balls possessing the ordinary magnetic state in sufficient in tensity to render their magnetic effect sensible, so that we may with precision ascer tain the magnetic axes of each iron mass and ball. Suppose the balls placed on the rod so that their magnetic axes shall be in the direction of the rod and therefore horizontal. Let the rod be suspended in the magnetic meridian, and let the masses be placed with their magnetic axes vertical, and centres in the same horizontal plane with those of the balls. The contiguous masses and balls would exert no magnetic force on each other perpendicular to the length of the rod, and the resolvent of mag netic force of a further mass on a nearer ball, or a further ball on a nearer mass per-pendicular to the rod, would be exceeding small, and might possibly by some con trivance be altogether counteracted. Under such an arrangement the only effective force would be that of gravitation. I would also do away with the planks, support the masses on square blocks of wood, and transport them from the positive and negative positions by means of wooden tram-roads parallel to the torsion box, so that all motion round an axis might be avoided.
It has also struck me that by suspending the rod by means of a single silk thread having little or no power of torsion, and by having very delicate hydrometers at each end of the torsion rod, the stems of which are attached to very fine hairs or silken threads passing over small fixed pulleys in the horizontal plane of the torsion rod, the horizontal portions of the hairs or threads being affixed to the ends of the torsion rod, the experiments might be rendered purely statical. Supposing the hydrometers just floating in their position of equilibrium when the rod is in its zero position, and those hydrometers on contrary sides of the torsion rod opposed to the masses, it is clear that when the rod moves towards the masses, and raises the hydrometers above their position of equilibrium, that the tensions of the threads would increase, and vary as the angle through which the torsion rod has moved. These forces of tension would ultimately be in equilibrium with the gravitating action, and by ob serving this position of equilibrium the force of tension and therefore that of gra vitation would become known. There may be practical objections to this arrange ment, but I am of opinion that by using proper substances for the stems, &c. of the hydrometers, and proper care in the manufacture of the small pulleys, they might be overcome.
After my views were fully matured I had some correspondence with Sir J o h n H erschel, to whom I in part detailed them, and with the kindness and urbanity which so eminently distinguish him, he undertook to lay my communication before the Royal Society: in one of his letters he thus expresses himself.
" Very many years ago, immediately after the publication of a joint paper by Mr. B abbage and myself on the magnetic action of revolving copper discs, &c. on mag nets, a course of experiments suggested itself to me which, for want of a proper locale where I could establish an apparatus of considerable dimension and great delicacy out of the way of currents of air, I did not execute, a thing I now much regret.
" The plan of these experiments was to attach to the two arms of a long torsion balance two magnets, a stronger and a somewhat weaker; thus A being the weaker and B the stronger, A horizontal and B so in-aX _______ \ ___________ clined as precisely to counteract and destroy n the directive power of A (by forming ' neutral couples'), the line AB being in the magnetic meridian, which would always be practicable as the superior power of B 
